We present an M V absolute magnitude calibration including the B − V colour and We found that the consistencies in the comparisons of the distances estimated from the calibration equation in this study both with the distances obtained from trigonometric parallaxes and spectrophotometric analysis demonstrate that reliable precise absolute magnitudes for the clump giants can be estimated from the calibration formula.
Introduction
Clumping of the core-helium-burning stars to the red end of the metal-rich counterpart to the horizontal branch is one of the outstanding features in the colour-magnitude diagrams of globular and open clusters (Girardi, Mermilliod & Carraro, 2000) . Hence, these giant stars are called the red clump (RC) stars or clump giants. Moreover, the RC stars occupy a very small region in the colourmagnitude diagram of the stars in the solar neighbourhood. Absolute magnitudes of the RC stars lie between M V = +0.7 and M V = +1 mag for the stars of spectral types G8 III to K2 III, respectively (Keenan & Barnbaum, 1999) . These features of the RC stars make them suitable standard candles for distance estimation of stellar clusters and nearby galaxies for which the RC stars are resolved (Pietrzyski, Gieren & Udalski, 2003) . Moreover, the RC stars are one of the most reliable distance indicators due to the fact that their absolute magnitude calibrations are precisely tied to the Hipparcos distance scale (Alves, 2000; Percival & Salaris, 2003; Groenewegen, 2008; Laney et al., 2012; Bilir et al., 2013) .
van Helshoecht & Groenewegen (2007) used the Two Micron All Sky Survey (2MASS; Skrutskie et al., 2006) near-infrared data for a sample of 24 open clusters in order to investigate how the K s -band absolute magnitude of the RC stars depends on age and metallicity. They showed that a constant value of M Ks = −1.57 ± 0.05 mag is a reasonable assumption to use in distance determinations of clusters with metallicities of −0.5 ≤ [F e/H] ≤ 0.4 dex and ages of 0.31 ≤ t ≤ 7.94 Gyr. This absolute magnitude value was also confirmed by Groenewegen (2008) who found M Ks = −1.54 ± 0.04 mag using the newly reduced Hipparcos trigonometric data (van Leeuwen, 2007) . On the other hand, Bilir et al. (2013) showed that the absolute magnitudes of RC stars depend on two-colour indices defined in the Johnson-Cousins (BV I), 2MASS (JHK s ) and Sloan Digital Sky Survey (SDSS; gri) photometries.
Although it is possible to define mean colours and absolute magnitudes for the RC stars in different photometric bands and the mean values have been suggested in some studies (e.g. Alves, 2000; Groenewegen, 2008; Laney et al., 2012; Bilir et al., 2013) , it is well known that the RC stars occupy certain ranges of colours and absolute magnitudes in the colour-magnitude diagrams. Thus, absolute magnitudes of the RC stars depend on the metallicity and colours especially in optical bands, although it is found that the metallicity dependence is weak (Bilir et al., 2013) .
The mean V and I magnitudes of the RC stars can be considerably affected by stellar population differences. Udalski (2000) found a weak dependence of the I-band absolute magnitude of the RC stars in the solar neighbourhood on [F e/H] at the level of ∼ 0.13 mag dex −1 and suggested an absolute magnitude correction of 0.07 mag in the I-band for Large Magellanic Cloud. Using the models of , Girardi & Salaris (2001) predicted mean RC absolute magnitudes in V and I bands for a large range of ages and metallicities. Their models clearly showed that the absolute magnitudes of the RC stars in I-band depends both on metallicity and age, so that the metallicity dependence must be taken into account in the absolute magnitude calculations of the RC stars (Salaris & Girardi, 2002) .
Thus, instead of a general mean for the absolute magnitude, an absolute magnitude calibration including at least one colour and metallicity should be used in the distance estimation of the RC stars. As more and more distant objects are observed in the sky surveys, metallicity-dependent uncertainties in the absolute magnitude determinations of the RC stars increase the error levels in the estimation of distances and physical parameters of the objects including these stars, such as stellar clusters.
Aim of this study is to derive an M V absolute magnitude calibration including the B−V colour and [F e/H] metallicity using the RC stars in the globular and open clusters with a wide range of metallicities. In the next section we describe how the data for the RC stars were collected from the literature. In the Section 3, we derive an absolute magnitude calibration for the RC stars and compare the distances of the RC stars derived from our calibration formula with those obtained from the Hipparcos trigonometric data and spectrophotometric data. Finally, we conclude and discuss the results in the Section 4.
The data
The data in this study were collected from the colour-magnitude diagrams of the globular and open clusters in our Galaxy. The data for globular clusters were taken from Piotto et al. (2002) who analysed Hubble Space Telescope observations. Piotto et al. (2002) examined 74 globular clusters in F439W and F555W bands and analysed their colour-magnitude diagrams. They transformed the original magnitudes to BV photometry using calibrations given in their study. It is clearly seen that 25 of these globular clusters show remarkable clumping in the RC region in their colour-magnitude diagrams (see Fig. 4 in Piotto et al., 2002) . Borders of the RC regions were determined by eye inspection of the colour-magnitude diagrams of globular clusters. Distance moduli, colour excesses and metallicities of the globular clusters were primarily taken from Piotto et al. (2002) . In cases where newer measurements exist, we used the new ones. The Galactic coordinates (l, b), distance moduli (m − M) V , colour excesses E(B − V ) and metallicities [F e/H] for the globular clusters are listed in Table 1 .
B − V colours and V magnitudes of the RC stars were de-reddened and their M V absolute magnitudes were calculated using distance moduli given in Table  1 . Frequency distributions of the de-reddened colours (B − V ) 0 and absolute magnitudes M V of the RC stars in each globular cluster were estimated and central positions of the peaks in the distributions obtained for each globular cluster were found by fitting Gaussian functions. (B − V ) 0 − V 0 colourmagnitude diagrams and frequency distributions of the (B − V ) 0 colours and M V absolute magnitudes of the globular clusters listed in Table 1 are shown in Table 1 .
As the aim of this study is to derive a colour (B −V ) and metallicity ([F e/H]) dependent absolute magnitude (M V ) calibration of the RC stars, metallicity range of the sample must be as large as possible. Metallicity range of the globular clusters in our sample is −1.55 < [F e/H] < −0.30 dex. In order to extend this metallicity range, the RC stars in the open clusters must be included in our sample. However, in general there are a few RC stars in open clusters. In this study, we selected the open clusters, where the RC stars prominently detectable in their colour-magnitude diagrams, from the studies by Twarog et al. (1997) ; Grocholski & Sarajedini (2002) ; Percival & Salaris (2003) ; van Helshoecht & Groenewegen (2007) . We listed their colour excesses, distance moduli and metallicities of these open clusters in Table 1 . We determined borders of the RC region by eye inspection of the colour-magnitude diagrams of open clusters. As the number of RC stars is small, we simply calculated the average (B − V ) 0 colour indices and M V absolute magnitudes of these stars (see Table 1 ). By including the selected open clusters in the sample, upper limit of the metallicities were extended to about +0.40 dex. The selected open clusters increased the total number of the clusters in the sample to 31 (Table 1) .
As the metallicities were collected from the literature that includes continually changing average of parameters, the metallicity scale used in our study should be carefully taken into account. One of the most important metallicity scales was given by Zinn & West (ZW, 1984) . They used photometric indices of clusters calibrated primarily by Cohen's (1983) spectroscopic data. As the distance moduli, colour excesses and metallicities for 18 of 25 globular clusters in Table 1 were taken from Piotto et al. (2002) and the 2010 version of the Harris catalog (Harris, 1996) whose metallicity scales fit to ZW metallicity scale, we conclude that the metallicities in our globular cluster data fit to this scale, in general. We also checked for the metallicity scale of the remaining seven globular clusters in Table 1 that were not taken from the Harris catalog (Harris, 1996) and found that these metallicities are in a good agreement with the ZW scale.
Dependence of the mean M V absolute magnitude of the RC stars in the sample clusters both on [F e/H] metallicity and (B − V ) 0 colour are presented in Fig.  2a-b . It is clearly seen that the RC stars in our study comprise a considerably wide range of (B − V ) 0 colours, 0.4 ≤ (B − V ) 0 ≤ 1.2 mag. Metallicity of the clusters covers a wide range as well, −1.55 < [F e/H] < +0.40 dex. M V absolute magnitudes of the RC stars in our sample range from 0.43 to 1.03 mag. Metal-poor halo clusters are found in the bluer (B − V ) 0 colours in Fig.  2 while metal-rich bulge clusters are redder (0.6 ≤ (B − V ) 0 ≤ 0.9 mag). In Table 1 The Galactic coordinates (l, b), (m−M ) V distance moduli, E(B−V ) colour excesses and [F e/H] metallicities collected from the literature for the clusters in this study. Central positions of the Gaussian fits applied to the distributions of the de-reddened (B − V ) 0 colours and M V absolute magnitudes of the RC stars in the globular clusters are given. The (B − V ) 0 colours and M V absolute magnitudes of the RC stars in the open clusters are also indicated. Number of the RC stars for each cluster are given in the last column. There is a linear relation with a slope of 2.97 dex mag −1 between the [F e/H] metallicity and M V absolute magnitude of the RC stars in Fig. 2a . The scatter in this relation (∼0.1 mag) is larger than the scatter (∼0.04 mag) in the relation between the M V absolute magnitude and (B − V ) 0 colour of the RC stars. Fig. 2c shows the linear relation between the (B − V ) 0 colour indices and [F e/H] metallicities for the clusters in our sample. Slope of the relation is 2.44 dex mag −1 . Fig. 2a-c demonstrate that the population effects on the absolute magnitudes and colour indices of the RC stars can not be negligible in the Galactic scales.
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The absolute magnitude calibration
From the considerations above, it is clear that the M V absolute magnitude of the RC stars is well correlated both with the [F e/H] metallicity and (B − V ) 0 colour. Thus, a regression analysis based on 31 clusters in Table 1 gives the following relation: A comparison of the absolute magnitudes calculated from the calibration with the original absolute magnitudes in Table 1 is shown in Fig. 3 . This figure demonstrates that 22 of the clusters (∼ 71%) are within 1σ deviation. There is no any systematical tendency in the lower panel of Fig. 3 that shows residuals from the calibration equation.
T-score analysis shows that metallicity dependence of the calibration is relatively weak, while the dependence on the colour (B − V ) 0 is strong. If the metallicity is not taken into account, the absolute magnitude changes ∼0.1 mag for the stars with lowest and highest metallicities. It should be also noted that the absolute magnitude decreases with decreasing metallicity (see Fig.  2 ). That is why we emphasize that the metallicity, if it is known, should be taken into account in the absolute magnitude calibrations of the RC stars.
Although the metallicity dependence of the Eq. 1 is found weak, we suggest that absolute magnitude estimation errors related with the metallicity will be more important for the distant RC stars.
The application
Using the absolute magnitude calibration in this study, M V absolute magnitudes were estimated for the RC stars collected from two studies, i.e. Laney et al. (2012) and Saguner et al. (2011) . The RC stars with [F e/H] metallicities are listed in Laney et al. (2012) who collected metallicities from Liu et al. (2007) and McWilliam (1990) . They observed 226 RC stars in the near-infrared JHK-bands in the Solar neighbourhood and calculated mean absolute magnitudes of the RC stars using Hipparcos parallaxes (van Leeuwen, 2007) . In our study, B − V colours were taken from newly reduced Hipparcos catalogue (van Leeuwen, 2007) , parallaxes and [F e/H] metallicities from Laney et al. (2012) who collected [F e/H] metallicities of only 101 RC stars from Liu et al. (2007) and McWilliam (1990) . [F e/H] metallicities of these stars are between -0.6 and 0.4 dex. As Laney et al. (2012) scaled the metallicities taken from McWilliam (1990) according to the ones from Liu et al. (2007) , it can be concluded that the metallicities in Laney's study are in the same scale and self-consistent.
We first de-reddened the B-V colour indices using the E(B−V ) colour-excesses evaluated for the 101 program stars using the maps of Schlegel, Finkbeiner & Davis (1998) , and this was reduced to a value corresponding to the distance of the star by means of the equations of Bahcall & Soneira (1980) . For a detailed explanation of the de-reddening procedure, see Bilir et al. (2013) . The reduced E(B − V ) colour-excesses of the program stars are between 0.001 and 0.081 mag with a median value of 0.010 mag. We calculated M V absolute magnitudes of these 101 RC stars using the absolute magnitude calibration derived in this study.
We estimated distances putting our calibration results into the Pogson equation. Fig. 4 shows the comparison of distances from our calibration with those taken from Laney et al. (2012) . We note that Laney et al. (2012) selected the distances of the RC stars in their study from Hipparcos catalogue (van Leeuwen, 2007) . The distances calculated from our calibration are in very well agreement with those taken from Hipparcos catalogue (Laney et al., 2012) . The mean and standard deviation of the residuals are only -3.5 and 6.2 pc, respectively. A considerable part of the sample is in 1σ limits in Fig. 4 . This comparison demonstrates that the distances based on the M V absolute magnitude calibration of the RC stars in the stellar clusters are as precise as comparable to the distances derived from Hipparcos parallaxes of the RC stars within 150 pc.
We also compared the distances estimated via our calibration with those obtained by a spectrophotometric method. Saguner et al. (2011) calculated spectrophotometric distances of 305 faint and high Galactic latitude RC stars by deriving their atmospheric parameters from high signal-to-noise middle resolution spectra. We removed 54 of 305 stars from the sample as they are out of the validity limits of the absolute magnitude calibration in this study, reducing the number of stars to 251. While the [F e/H] metallicities and A V total absorptions were taken from Saguner et al. (2011) , V apparent magnitudes and B − V colours from Hipparcos catalogue (van Leeuwen, 2007) . The [F e/H] metallicities are between -0.54 and 0.42 dex. Since the metallicities were found by Saguner et al. (2011) , we conclude that the metallicities in this study are in the same scale and self-consistent.
After apparent magnitudes and colours were de-reddened, absolute magnitudes and distances of 251 RC stars listed in Saguner et al. (2011) were estimated using the absolute magnitude calibration derived in this study. In Fig. 5 , we compared the distances of the RC stars estimated using our absolute magnitude calibration with the spectrophotometric distances taken from Saguner et al. (2011) in which the RC stars lie between 200 and 500 pc from the Sun. Note that the distances taken from Laney et al. (2012) are smaller than 150 pc. Fig. 5 demonstrates that the distances obtained from two different methods are very well correlated with a scatter of s = 11 pc. As the mean distance difference is only < ∆d >= −0.4 pc (see Fig. 5b ), we conclude that there is no any systematic difference between these distances.
Conclusions
We derived an M V absolute magnitude calibration in terms of the B − V colour and [F e/H] metallicity using the RC stars in the globular and open clusters with a wide range of metallicities. The comparisons of the distances estimated from the calibration equation in this study both with the distances obtained from trigonometric parallaxes and spectrophotometric analysis indicate that the calibration formula gives very reliable absolute magnitudes for the estimation of distances for the RC stars up to 500 pc. We conclude in this study that, instead of using a unique absolute magnitude for all the RC stars, an absolute magnitude calibration in the optical bands based on at least one colour and metallicity should be used in the precise distance estimates.
Taking into account the metallicity in the calculation of absolute magnitudes of the RC stars can be important in the shallow/deep photometric and spectroscopic surveys, such as the RAdial Velocity Experiment (RAVE) and SDSS, and in the distance calculations of the stellar clusters or field RC stars. With the help of the absolute magnitude calibration derived in this study, and with the uncertainties in the metallicity dependence of the Cepheid periodluminosity relation (Percival & Salaris, 2003; Majaess et al., 2012) , the RC stars can serve as standard candles for the distance calculations of nearby Galaxies, as well. This powerful calibration can be also used in the derivation of the Galactic model parameters in the optical bands. Fig. 1 . Colour-magnitude diagrams and distributions of the (B − V ) 0 colours and M V absolute magnitudes of the globular clusters listed in Table 1 . Table 1. 
